degradation and cannibalization of particles results In a decreasing dose 
equivalent rate. In the contiguous United States, the dose equivalent 
rate at 12.1 ion (40,000 feet) is about 40 percent of the rate at 21.2 km 
(70,000 feet) (Federal Aviation Administration 1989). 

The geomagnetic field of the earth deflects many charged par¬ 
ticles of solar and galactic origin that would otherwise enter the 
atmosphere. Shielding Is most effective at the geomagnetic equator, where 
the geomagnetic lines of force are nearly perpendicular to the surface of 
the earth. At airliner cruise altitudes, the cosmic radiation dose 
equivalent rate over the geomagnetic poles is approximately twice that 
over the geomagnetic equator. Most high-altitude flights of U.S, coffmer- 
cial aircraft occur with scheduled flights between the United States and 
Europe or Asia (Federal Aviation Administration 1989). 

The cycle of rise and decline in the Intensity of the cosmic 
radiation Incident on the atmosphere lasts approximately 11 years, with 
the intensity Inversely related to solar activity. Charged particles are 
continuously ejected from the sun but are generally too low to contribute 
to the radiation level at airliner flight altitudes. On Infrequent occa¬ 
sions, the energy levels and quantities of ejected solar particles are 
high enough to substantially increase the dose equivalent rate at typical 
cruise altitudes. During the period from 1956 to 1972, there were four 
solar particle events during which the dose equivalent rate on polar 
routes at 12.4 km (41,000 feet) probably exceeded 100 pSv/hr (Federal 
Aviation Administration 1989). 

Dose equivalents for flights typical of continental U.S. latitu¬ 
des and circumpolar transoceanic routes are presented In Table 0-4. Since 
total radiation dose Is the simple sum of Individual exposures, this table 
enables any Individual to ascertain cumulative radiation dose by adding 
appropriate flights (as actually listed or as representatives of similar 
flights) according to their specific frequencies of occurrence. The 
summed value respresents the relevant individual exposure In the deter¬ 
mination of risk, as described 1n Section 8*2.3. 
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TABLE 8-5. RISK COEFFICIENTS FOR A RANGE OF HEALTH EFFECTS ASSOCIATED 
WITH EXPOSURE TO COSMIC RADIATION 


Health Effect 

Risk Coefficient 

Period of Vulnerability 

Fetal structural 
abnormalities 

500/1 minion/mSv 

Weeks 

2-8 of pregnancy 

Mental retardation 

1n fetus 

400/1 ml 11lon/mSv 
100/1 mllllon/mSv 

Weeks 

Weeks 

8-15 of pregnancy. 
16-26 of pregnancy 

Childhood cancer 

20/1 m11l1on/mSv 

Full term of pregnancy 

Adult cancer (leukemia 
and solid tumors) 

70/1 mmion/tnSv 
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LIFETIME CANCER RISK 
(DEATHS PER 100,000) 



FIGURE 8-1- ADULT CANCER RISK (LEUKEMIA AND SOLID TUMORS) 
FROM EXPOSURE TO COSMIC RADIATION. ONE 
HILLISIEVERT - 100 MILLIREM 
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TABLE 8-6. 


CUMULATIVE DOSES (20 YEARS) FOR CABIN CREW MEMBERS AND 
DOMESTIC FLIGHTS 


PASSENGERS ON REPRESENTATIVE 





CABIN CREW MEMBERS 

passengers 

Representative 

night 

Flight Time 
(Hours) 

Dose 

(pSv) 

Cumulative Dose Cancer 

Over 20 Years Risk 

Flying 960 h/yr (deaths per 
(mSv) 100.000) 

Cumulative Oose Cancer 

Over 20 Years Risk 

Flying 480 h/yr (deaths per 
(mSv) 100,000) 

Domestic (east/west) 
New York to Seattle 

4 . 9 I 

36.0 

141.1 

988 

70.5 

494 

Domestic (east/west) ’ 

San Francisco to Chicago 3.8^ 

29.0 

146.5 

1026 

73.3 

513 

Domestic (north/south) 
Seattle to Anchorage 

3.42 

21.0 

118.6 

830 

59.3 

415 

Domestic (north/south) 
Tampa to St. Louis 

2.0^ 

5.4 

51.8 

363 

25.9 

181 

Domestic (east/west) 
Chicago to New York 

1.6^ 

8.5 

102.0 

714 

51.0 

357 

Domestic (north/south) 
Denver to Minneapolis 

1.2^ 

4.7 

75.2 

526 

37.6 

263 

Domestic (east/west) 
St. Louis to Tulsa 

0.95 

2.0 

42.7 

299 

21.3 

149 

Domestic (north/south) 
Miami to Tampa 

0.65 

0.4 

12.8 

90 

6.4 

45 


iDomestIc flights of 4 hours duration or more account for 5.3% of all domestic flights 

^Domestic flights of 3 to 4 hours In duration account for 7 . 2 % of all domestic flights* 

^Domestic flights of 2 to 3 hours in duration account for 21.3% of all domestic flights 

^Domestic flights of 1 to 2 hours In duration account for 48.71 of all domestic flights* 

^Domestic flights of 0 to I hour in duration account for 17.6% of all domestic flights.* 


Source: https://www.industrydocuments.ucsf.edu/docs/jmxj0001 
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TABLE 8-7. CUMULATIVE DOSES (10 YEARS) FOR CABIN CREW MEMBERS AND PASSENGERS ON REPRESENTATIVE 
INTERNATIONAL FLIGHTS 


Representative 

Flight 


Flight Time Dose 
(Hours) (pSv) 


CABIN CREW MEMBERS 


PASSENGERS 


Cumulative Dose Cancer 

Over 10 Years Risk 

Flying 960 h/yr (deaths per 
(mSv) 100.000) 


Cumulative Dose 
Over 10 Years 
Flying 480 h/yr 
(mSv) 


Cancer 

Risk 

(deaths per 
100.000) 


International Circumpolar 

New York to Tokyo. Japan 

13.0^ 

99.0 

73.1 


512 

36.6 

256 

International Non-clrcumpolar 
Dallas/Fort Worth to London 

8.52 

49.0 

55.3 


387 

27.7 

194 

International Non-clrcumpolar 
London to New York 

6.83 

49.0 

69.2 


484 

34.6 

242 

Internationa! Non-clrcumpolar 
New York to San Juan,. PR 

3.0^ 

13.0 

41.6 


291 

20.8 

146 

International Non-circumpolar 
San Juan, PR to Miami 

2.2^ 

7.2 

31.4 


220 

15.7 

110 

1International flights of 10 hours duration or more account 
^International flights of 6 to 10 hours in duration account 
^International flights of 6 to 8 hours in duration account 
^International flights of 2 to 4 hours in duration account 

for 6.5% of all 
for 14.7% of all 
for 14,4% of all 
tor 34.6% of all 

international flights. 
International flights. 
International flights. 
International flights. 



Source: https://www.industrydocuments.ucsf.edu/docs/jmxj0001 



should be noted that the cancer risks for cosmic radiation and ETS are 
additive. 


Example 1 . The Individual is a cabin crew member who flies 960 
hours per year for 20 years. Assuming that 10 years are spent 
flying from New York to Seattle (dose equivalent of 36 uSv for 
5.3 hours from Table 8-4), the dose equivalent for this segment 
Is 65 mSv, Assuming that the next 10 years are spent flying from 
New fork to Tokyo (dose equivalent of 99 uSv for 13.4 hours from 
Table 8-4), the dose equivalent for this period 1$ 71 mSv. The 
total dose equivalent for 20 years of flying is 136 mSv 
(65 + 71). Referring to Figure 8-1 for adult cancer risk, a 
lifetime exposure of 136 mSv In flight results ln a lifetime 
cancer risk of 952 cancer deaths per 100,000 or a risk of 1 in 
105. 

Example 2 . This Individual Is,a frequent flyer who logs 480 
hours per year for 30 years. Assuming that the first 15 years 
are spent flying from New York to Seattle, the dose equivalent 
for this period is 49 mSv. Similarly, the dose equivalent for 15 
years of flying from New York to Tokyo is 53 mSv. The combined 
dose equivalent for 30 years of flying Is 102 mSv. From Figure 
8-1, the risk Is 714 cancer deaths per 100,000 or a risk of 1 In 
140. 

Example 3 . This individual flies 48 hours/year for 40 years. 

For the first 20 years, flights between New York and Seattle 
result in a dose equivalent of 6.5 mSv. For the next 20 years, 
flights between New York and Tokyo result In a dose equivalent of 
7.1 mSv. With a lifetime dose of 13.6 mSv acquired in flight, 
the risk Is 95 cancer deaths per 100,000 or a risk of 1 In 1,053. 

Risks for childhood cancer, fetal retardation, and birth defects 
can be determined In a similar fashion, using the risk coefficients in 
Table 8-5. For a single transcontinental flight such as Washington to Los 
Angeles, the dose equivalent Is 24 pSv. The risks for any of the 
childhood health effects are very small (about 1 per 100,000) according to 
Figures 8-2 and 8-3. For even a high exposure flight such as Hew York to 
Tokyo with a dose equivalent of 99 ySv, the risks are still small (about 
5 per 100.000). 


8.3 OZONE 

Ozone levels In airliner cabins were measured on domestic and 
international flights to determine compliance with current federal stan- 
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